Different
Objective:
The It is established that there are several intrinsic') and extrinsic2' causes of dental erosion. Exposure to acid fumes, one of the most classical extrinsic causes, has been related to a higher prevalence of dental erosion in acid using workplaces. Although the acid exposure itself can be a risk factor for direct enamel demineralization if the pH is lower than the critical value around 5.53), the acid could also interact with oral microbial activities, which are per se responsible for another form of enamel loss, dental caries').
On the prevalence of dental caries among workers with dental erosion, there have been conflicting reports: some claimed no relationship between erosion and caries, whereas others showed reduced caries prevalence among workers with dental erosion. In the Japanese literature that have simultaneously recorded dental erosion and caries in acid-using workers, the prevalence of caries was similar in those with and without dental erosion in a chemical plant using sulfuric acids), but it was significantly lower among sulfur mine workers with erosion 6). In European countries, workers in battery manufacturing') and zinc extraction using electrolytic methods'' did not have significantly different caries experiences compared to controls.
Our recent survey on workers in a Japanese smelter has revealed the existence of cases of mild dental erosion, with the odds ratio being 3.0 for those with a work history of electrical refining processes9). The aim of the present study is to examine oral health conditions among the recent smelter workers with mild dental erosion, with special reference to their caries experience.
Materials and Methods
In July and August, 1996, we surveyed a copper smelter on work-related dental erosion. The plant started in 1965, and because copper is mainly smelted from sulfide ore, almost all the workers in the smelting process have been exposed to sulfur dioxide to some extent. Workers in the reverberatory furnace and other pyro-smelting processes (converter and anode casting), in particular, could have been exposed to a high concentration of sulfur dioxide (sometimes more than 10 ppm) in addition to dust, fume and mist of sulfuric acid (0.9 mg/m3 at an occasional measurement).
Workers in these processes wear protective masks when they are exposed to high concentrations of gas and dust. In the electrical refining process, where copper is refined electrolytically in a copper sulfate-sulfuric acid electrolyte bath, workers are mainly exposed to acid mist from the bath. Even though the electrolyte bath has been covered by a sheet since 1980, the sheet is partly removed when anodes are exchanged, and workers could have been exposed to mist of sulfuric acid (0.6 mg/m3 at an occasional measurement). Because of the high humidity, workers in the electrical refining process seldom wear protective masks. In the survey, we found cases of mild dental erosion, with the odds ratio being 3.0 for those with a history of work in the electrical refining process9 . We found 28 cases of mild dental erosion among the 350 male workers, who were all the full-time employees in the company at the time of the survey and there had been no reported case of retirement or replacement due to symptoms of dental erosion. Since the workers with dental erosion were significantly older than those without (Table 1) , only the subjects aged 40 yr and over (26 with dental erosion and 217 without) were analyzed here to minimize the possible confounding effect of age on dental caries. The mean age (range) for the analyzed cases and the non-cases was 49.7 (40-49) and 49.5 (40-67) yr, respectively.
Two dentists blind to the work history inspected the subjects, and one of them identified the presence and clinical severity of dental erosion on the surface of anterior teeth according to the Eccles classification of dental erosion"". The two dentists also recorded by inspection the dental caries status, as intact, decayed, missing or filled teeth. Oral conditions were also assessed by the presence of dental plaque, dental calculus, gingivitis and periodontitis for each subject. These conditions were recorded at three levels (no symptoms, with mild symptoms, or symptoms which need consultation of a dentist), and those in the last category for each item were defined as having the respective symptom.
The subjects were asked before the examination to complete a questionnaire. In the present study we used the information on smoking (current or ex-smoker, or non-smoker), the number of brushings per day, and perceived symptoms of cold pain.
Types of teeth were abbreviated here as follows: 11 for central incisors, 12 for lateral incisors, C for canines, PM 1 for first premolars, PM2 for second premolars, M 1 for first molars and M2 for second molars. Third molars were not included in the analysis in the present study. 11, 12 and C were grouped as anterior and the others as posterior teeth.
In evaluating the differences between the cases and the non-cases in the caries status we used the DMFT (decayed, missing or filled teeth) indices: the number of overall DMFT (maximum 28 teeth) and site-specific numbers of DMFT (anterior maxillary, anterior mandibular, posterior maxillary, or posterior mandibular teeth) were separately calculated for each subject; the proportion of DMF teeth was also given for each type of teeth. Data on DMF proportion for the ages 40-59 yr were also obtained from a report of the national survey on dental diseases") to assess the generalizability of the results from the non-cases. Because there were no significant differences between the teeth on the right and left sides in preliminary analyses, some of the results were shown with both sides combined. Consistency of the results was examined by further subanalyses stratified by age (40-49 yr and 50 yr and over).
Because it has been pointed out that caries indices are often not normally distributed'), we used non-parametric Wilcoxon's rank sum test for overall and site-specific DMFT indices, or Fisher's exact test for the DMF proportion, to test for the statistical significance of the differences between the cases and the non-cases. All the computations were performed by means of the SAS program package").
Results Figure 1 shows the proportion of DMF for each type of tooth among the cases with dental erosion ("cases," n=26), those without ("non-cases," n=217), and a sample from the general population in Japan. The overall DMF pattern for the non-cases was similar to that for the general population: the proportion of DMF was generally higher in posterior than anterior teeth, and maxillary anterior teeth had a higher proportion of DMF than the corresponding mandibular ones. Compared with the non cases, the cases exhibited a different pattern particularly for the anterior teeth: the maxillary teeth had a lower DMF proportion among the cases, whereas in the mandibular teeth of the cases there tended to be a higher proportion. The difference between the two groups in the proportion was in the maxillary 11 on both sides (p<0.01) and in the maxillary 12 on the right side (p<0.05).
When the difference between the two groups was tested with both sides combined ( 
Discussion
It has not been determined whether those with dental erosion have a different risk of experiencing dental caries. In the Japanese literature on acid-using workers, inconsistent results have been reported on the association of dental caries and erosion experience. Hoshiai et al. 14) first reported a lower prevalence of caries among workers with dental erosion, suggesting a caries-suppressing effect of inorganic acid in the air of the work environment. It was also reported that caries prevalence was lower among sulfur mine workers with erosion". Itoh", however, did not find a lower caries prevalence among chemical plant workers with dental erosion. In Europe, most of the studies examining dental caries experience among acid workers did not report a close relationship between dental caries and erosion experience.
In the UK caries experience was similar among acid workers and controls", and the prevalence of caries was not higher in Norwegian zinc extraction workers than in comparable population groups".
In accordance with the majority of these reports, the workers with dental erosion in the present study had a comparable number of DMFT on average, compared to those without dental erosion. Since all of the cases had only mild erosion with glazed enamel surface and/or concavities without dentine involvement (grade I according to the Eccles classification), the level of acid exposure may have been relatively low. Nevertheless, the cases had a clearly different pattern of dental caries experience: the maxillary anterior teeth were significantly less affected with caries among the cases with dental erosion. Table 2 . Proportion of decayed, missing or filled teeth among cases with and without dental erosion *Right and left sides are combined so that the n indicates the number of teeth , which is twice the number of subjects.
Fisher's exact test.
An explanation for this difference could be a cariostatic action of environmental acid. Environmental acidity has been known to be a factor affecting the competition between strains of oral streptcocci15). Lowering the pH in the culture medium to 6.0 caused an increase in the proportion of the S. mutans population, whereas a further lowering of pH to 4.5 reduced the S. mutans numbers.
So far as the mutans streptococci are concerned, the risk of dental caries would be higher at a pH level lower than 6.0, but at pH 4.5 or less it would be reduced due to the bacteriostatic effect of the environmental acid. In an in vitro experiment on human dental plaque flora16), lowering the environmental pH decreased the acid producting activity from sorbitol and glucose. If a lower pH, 4.5 or less, can generally have a bacteriostatic potential and the subjects were exposed to acid in the work environment, oral conditions depending on oral bacteria could be better among the cases. The subjects of this study actually had a better oral status for dental plaque, dental calculus, gingivitis and periodontitis, but the difference from the non-cases was significant only for tin2ivitis (Table 4) . On the other hand, the mandibular anterior teeth, which are immersed in saliva with a slightly lower pH, could be at a slightly higher risk of dental caries. In the two groups smoking and the brushing habit did not differ significantly, and the other oral conditions were generally better among the cases. The action of oral bacteria might be generally suppressed among the cases, resulting in less gingivitis and less caries in maxillary anterior teeth where the pH drops most distinctly.
It is noteworthy that the electrolyte baths in this plant were covered with a sheet by 1980, and since then the concentration of acid fumes in the air has decreased. Atmospheric sulfuric acid concentrations measured at several sites in this plant in 1996 were all lower than 1.0 mg/m3, ranging from an undetectable level to 0.9 mg/m3. Since both erosion and caries are irreversible processes, what we observed here may have its origin nealy two decades ago.
We should be careful in applying the present conclusions to all cases of dental erosion. The quantity as well as quality of the acid may change the particular pattern observed here. First, if the quantity or concentration of the acid were much higher than in the present work environment, the salivary action could not be enough to raise the pH lowered by acid, resulting in an overall reduction in the cariogenic biofilm activity, even in mandibular teeth. Second, the focus of the acid sources causing dental erosion has been directed towards dietary (acidic beverages) or intrinsic ones (gastric content)"'.
Saudi youths showing pronounced dental erosion of maxillary anterior teeth, probably due to a heavy soft-drink consumption, had worse caries scores than comparable Western populations`'.
Acidic soft drinks may not only directly affect the enamel with the fluid at a lower pH, but also the sugar contained in them may stimulate the action of cariogenic microbes.
Our final goal should be to reduce and eliminate the risks of dental erosion as well as dental caries. Even if the exposure to environmental acid at a lower level may cause a reduced dental caries experience in particular teeth, this should be regarded as an indicator of the possible presence of some hazardous extrinsic acid in the workplace.
